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national advisory Committee for aeronautics 

RESEARCH MSliORANDUM 

Al!T investigation OF THE LOW-SFEED STABILITY AND CONTROL 
CHARACTERISTICS OF SWEFT-FOR\€ARD AND SNEPT-BACK WINGS 
IN THE AvIES 40“ BY SO-FOOT WIND TUOTIEL 
By Gerald M. McCormack and Victor I. Stevens, Jr, 

summary 

An Investigation has been made at large scale of the char- 
acteristics of higlily swept vdngs. Data were obtained at several 
angles of sideslip on win-..;' having angles of sweep of - 30° , 

and 0°. The airfoil sections of the wings varied from approxi- 

I 

mately iACA 0015 at the root to NaCA 23009 at the tip. Each 

/ 

wing was investigated with flaps undeflected, partial-span split 
flpps deflected 60°, full-span split flaps deflected 6o'^and 
solit-f lap-type ailerons deflected ± 15° • Values of mn.xi"’ura 
lift were obtained at Reynolds numbers ranging from 5-7 to 
9.2x10®. In f!:ls report the summarized results are compared 
th the predlcti'ans made by use of the simnlitied theory for 
the effect of sx^rpep and ^rith existing small-scale data. The 
basic wind-tu-nel results from which these summary data were 

taken are included in an apnendix. 

The TDrimary problems accompanying the use of svxeep as re- 
vealed by this investigation are the loss in maximum lift, the 
high effective dihedi’al, and the sharp reduction in lateral- 
control effectiveness. In general, simple theory enables good 
predictions to be made of the gross effects of sweep but further 



RESTRICTED 


2 


NACa RM No. a6k15 


refinements are necessary to “obtain the accuracy required for 
design purposes. In cases where comparisons can be made, the 
indications are that, as sweep increases, scale effects dimin- 
ish and large-scale results approach small-scale results. 

INTRODUCTION 

Theory indicates and exporiment has shown th='t the prime 
aerodynsmic effect of wing sweep is to reduce by the cosine 
of the angle of sweep the effective flight velocity exper- 
ienced by the airfoil sections of the wing. This then enables 
Increases in maximum flight speed to be attained before 
serious compressibility effects arc encountered. Theory and 
experiment also show that wing sweep introduces a number of 
stability and control problems, the seriousness of xdiich 
becomes accentuated at low flight speeds. 

Small-scale tests have pointed out the general nature of 
these problems and indiceted those which must be overcome if 
the high-speed benefits of sweep are to be realized. They 
have also sugg’ested that boundary- layer flox-r and, hence, 
Reynolds number has a profound influence on measured charac- 
teristics and that the value of small-scale tests remain 
somewhat doubtful until the extent of this influence is under- 
stood. 

Since no i -r- :fr-scale data were available for xcings with 
large angles of sweep, an investigation of the effects of 
sx^reep xvas conducted In the Ames 40- by SO-foot x^rind tunnel 
and the results are reported herein. It is believed tha.t 
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those data >”11]. go far towards estahlishing the datum required 
to estimate the effects of scale on highly s>rept wing plan 
formivS. ’.Jith this hnowledge at hand it is evident that the 
value of future small-scale tests will be considerably 
increased. 

This report discusses a siimnary of the basic results and 
compares them with, simple ewept-wing theories and, where 
possible, v^ith e::?isting small-scale data (references 1, 2, and 
3). To male the basic da.ta available for further analyses 
they arc included. as an appcnd.lx to this report. 

DESCRIPTIOil OF IIODELS 


The five models tested vnsre composed of >.ring panels from 
an ava.ila.ble a.irplc.ne which were given the desired pla.n form 
and sweep by individually fabricated tips and center sections. 
The resulting angles of sweep were O*’, ^3^ sweeox on- 

ward, and 30'^, and 4-5'^ swccpbacl; (measured with reference to 

the quarter— chord line of the a.lrfoij. sections), iiside from 
the angle of sweep, .the prime plan-form variable was considered 
to be aspect ratio. The tips amd center sections were construc- 
ted to give the smallest variation of this na.rameter oosslblc 
without modification of the •■Irplr.nc >”ing Dancls. No spccia.l 
attempt was made to control the vari-ation of taper ratio, area 
or span. Photoscrr.Dhs of tnc ■’''^ings and plan— form drawings 
with pertinent dimensions are shown in figures 1 and 2. The 
-rsometric c'lnracter istlcs of the five wings tested she listed 


in tp.ble I. 
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The airfoil sections of the swept wings were dictated by 
the sections of the airplane wing panels (an NACa OOI5 a.t the 
inboard end and an NACA 23OO9 at the outbo.ard end of the panel) . 
The profiles of the center sections and tips were simply exten- 
sions of the \vdng-panel airfoil. To expedite construction, 
three tips only were fabricated: one for the swept-f orward wings> 
one for the straight vring, and one for the swept-back wings. 

Thus for the swept-forward and si,i;ept-back wings compromise tips 
v;ere used which were ralsalined to the air stream. The twist 
in the chord plane of the wing panels was approximately 1/4° of 
washout. The dihedral of the chord-plane leading edge v;as kept 
at 0 °. 

No attempt was made to improve the fairness of the wing 
Panels beyond the original manufacturing condition. Thus, due 
to presence of various access plates, panel Joints, etc., the 
x^lngs were rough to a greater degree than that normally 
associated with latest construction requirements. 

Partial-span and full-span split flaps were tested on all 
models. The flaps were 0.20 chord and were deflected 6 o°*^ The 
span of the partial-span flaps was O .623 v/lng span for all mod- 
els; the span of the full-span flaps varied slightly from full- 
span (in no Case more than 0.064 wing span) as shown instable I. 

Ailerons were slm.ulated by attaching the outboard portion 
of one of the flaps to the right wing and deflecting it ± 15 *^ 
(up-deflection was obtained by attaching the flap to the upper 

surface of the wing) . Thus the ailerons as tested >/ere 

^Except where noted, all chords and spans used in this report 
were measured parallel md perpendicular to the plane of 
symmetry. Flap deflection angles were measured in a plane 
perpendicular to the flap hinge 1 ine. 
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0.2Q-chord split-f lap-type ailerons. 

The wings were mounted on a faired sting which in turn 

was attached to the three-strut support system. Photographs 
of the wing Installations are shoTirn in figure 1, 

COEFFICIENTS AND SYloEOLS 


The data are presented in the form of standard NACA coef- 
ficients and symbols as defined in figure 3 ^ind the following 
tabulation. All forces and .moments are presented about the 
stability axes with their origin located on the root chord, 
or root chord projected and at the same fore and aft location 


as the 

Cl 

C-n 


c. 


m 


■'n 


Oy 

Cl, 

AC 


'a 


L 


-max 




quarter h.A.C. 

lift coefficient (lift/qS) 
drag coefficient (drag/q3) 


.... . , /Ditching miOnent \ 

pitching-moment coexiicienm (= ) 

^ ° V CDC '' 


. .. /rolling mo.ment \ 

rolling-moment coefficieno 

f- 

yawing moment coefficient 


/i 

V qSb 

/ yaw ing mom:ent/\ 


a 3b 

■) 


. ^ . /side force 

side-force coefficient 

rate of change of lift coefficient with angle of 
attach, per degree 

increment of lift coefficient due to deflecting 
flaps 

maximum lift coefficient 

rate of change of rolling-moment coefficient with 
sideslip, per degree 

rate of change of rolling-rjoment coefficient with 
wing-tip helix angle, oer radian 
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rate of change of yawing-mornent coeffloient with 
sideslip, per degree 


rate of ch.ange of rolling-moment coefficient with 
aileron angle, per degree 

dOi,/dSL 

rate of change of Gi with lift coefficient where 

''p 

lift is increased by changing angle of attack 

ACip/ACL 

rate of change of G^ with lift coefficient where 

lift is Increased by deflecting flaps 

dC„p/dOL= 

rate of change of with the lift coefficient 

np 

squared 

L-/D 

ratio of lift to drag 

q 

dynamic pressure., pounds per sciuare foot 

V 

velocity along flight pa.th, feet per second 

a 

angle of attack, degrees 

P 

angle of sideslip, degrees 

A 

angle of sweep of quarter chord line of airfoil 
sections, degrees (Sweepback is positive and 
sweepforward is negative.) 

Te 

effective dihedral, degrees 

5 

control surface deflection, degrees 

A 

f b^\ 

aspect re.tio based on spa.n ( 

A’ 

aspect ratio based on length of quarter chord 

E 

line r ^ ^ 

^3 cos^A ■ 

Jones' edge-velocity correction 

X 

/'®t\ 

taper ratio, ratio of tip chord to root chord 

s 

wing area., square feet 
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c mean aerodynamic chord of wing measured parallel 

to plane of symmetry, feet 

b X'lring span measured perpendicular to the plane of 

sjmametry, feet 
wing-tip chord 
Cj, wing-root chord 

TESTS AND RESULTS 

For each of the model configurations six-component force 
and moment data were obtained through an angle-of-attaclc range 
at each of several a.ngles of sideslip. The data xvere obtained 

at dynamic pressures which ra.nge from 5 "to 75 pounds per 
square foot (R = 2.g x 10® to R = Id.O x 10®)®; most of the 
data v^ere obtained at dynamic pressures of 10 to 20 pounds per 
square foot (R = 4.0 x 10® and R = 5*3 ^ dO®, respectively). 

The basic data obtained from the wind.-tunnel tests of the 
five swept wings arc described in the appendix. Also included 
in the apoendlx Isa description of the corrections and tares 
applied to the data. 

DISCUSSION 

In this discussion an evaluation is made of the effect of 
wing sweep on the more important aerodynamic parameters and of 
the consequent effect on airplane performance and stability, 

^These Reynolds numbers are bc.scd upon the K.A.C. as a refer- 
ence length and arc the minimum and maximum limits of the 
variation including the cha.nge in chord length with sweeg* 
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Also, the 8,3curn.cy with irhlch the simplified sweeo theory may 
be used to predict the characteristics of swept wings is eval- 
uated by a comparison with the experimental data. Finally, 
an attempt is made to compare at least qualitatively tJae values 
of the various characteristics as obtained at small-scale 
(R < 1.5 xlO®) and full-scale Reynolds numbers. The summary 
data on v-hlcli this discussion is based have been extracted (for 
a test dyr.amic pressings of 20 Ib/sq ft) from the measured char- 
acteristics included in the appendix. 

The concepts advanced by Betz in reference 4 form the 
groundwork for the theory of the aerodynamic effects of 
incorporating sweep in a wing plan form. These concepts are 
based on the assumption that for an infinite-span wing only 
the velocity component normal to the quarter-chord line 
influences the pressures over a wing; the spanwise component 
of velocity is neglected. Thus, if the velocity components 
are resolved perpendicular and parallel to the quarter-chord 
line of a wing, the effective dynamic pressure over the wing 
will decrease in proportion to the square of the cosine of 
th6 angle of sweep and the effective angle of attack will 
increase in proportion to the reciprocal of the cosine of 
the angle of sweep. These changes in effective dynamic pres- 
sure and angle of attack brought a.bout by wing sweep form 
the ba.sis for the existing simplified sweep theory. 

In interpreting the comparisons to be made betX'\reen the 
simplified theory and experimental results, the limitations 
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of the simplified theory must be borne in mind. Over the 
root section of highly swept finite-spsji wings, particu- 
larly highly tapered low aspect ratio wings, the basic assijunp- 
tion that the wing reacts only to air velocities normal to the 
quarter-chord line probably does not hold. It should also bo 
noted that simplified theory in its px’cscnt form applies only 
to wings which generate an additional loading due to angle-of- 
attack change that is rectangular in form. Therefore appre- 
ciable deviations from rectangular loading such as produced 
by taper will result in discrcpaaicics between the theoretical 
and experimental results. 


Lift-curve slope .- The simplified theory Indicates a 
decrease in lift-curve slope proportional only to eos-A. To 
account for induction effects, a correction must also be made 
for any variations of aspect ratio. Hence, the effect of 
sweep on lift-curve slope, when corrected for aspect ratio, 
will be in accordance with the rela.tion: 


In conformity with standard nomenclature, aspect ratio is 
based on the span of the vdngs; however, there is some conten- 
tion that since only air flow perpendicular to the quart (sr-chord 


Li'"t Characteristics 




[A/(A+2)]^ 
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line is considered to affect the aerod;rnamic characteristics, 
aspect ratio should he based on the length of the quarter- 
chord line. Such an assuaption is used in the analysis 
included in reference 1. In figure the experimental 
results (taken from the linear portion of the lift curve) are 
shown together with the pre-fictions based on theory for both 
concepts of aspect ratio®. For swept-back v^ings, basing the 
aspect ratio on the length of the quarter-chord line gives 
the better agreement; xvh.ereas for swept-forward Tarings, basing 
the aspect ratio on the conventional span gives the better 
agreement . 

It is believed that neither of these aspect ratio 
concepts gives a correct picture of the induction effects of 
the vortex pattern on swept v/ings. It can be shown that if a 
wing is swept back, the induction influences of the trailing 
vortices on the wing should be reduced, and conversely, if a 
wing is sv/ept for^mrd, the induction influences on the wing 
should be increased. That is, the effective aspect ratio 

increases with sweepback and decreases with sweepf orx^rard for 
wings of constant geometric aspect ratio (b®/S). 

The lift-curve slopes for the wings of this report have 
been estlmateo. using the method of Falliner (reference 5) which 

®It is recognized that a further aspect ratio correction, 
namely, Jones' edge -velocity correction should be used. 

The effect is small, ho^,^rever, compared to the errors 
resulting from the use of simple sx^eep theory. It has 
been omitted, therefore, in an effort to indicate clearly 
the adequacy of simple sweep theory in indicating the 
lift-curve slope of highly swept wings. 
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takes Into consideration the induction effects of the swept 

vortex S 3 ’-stein in a more precise manner. In applying this 

method the section lift-curve slope for these wings 

/^ci = O.lOx^ was used rather than the theoretical value 
\ ‘'re 

( Cl - used in reference 5* results are shown in 

\ ''a Pi 

fi^^ure The oredicted values of Ct and their variation 

with sxireep closely approximate the experim.ental results. 

This Indicates that, when induction effects are properly 
accounted for, accurate predictions of lift-curve slope can 
be made. It can be inferred then that the failure of simple 
tjieory to accurately indicate the effect of sweep on 
lift-curve slope is " result of improper induction effects. 

Taper appears to have a strong effect on lift-curve slope 
due to its inherent influence on induction effects. As 
previously mentioned, the simplified theory strictly applies 
onl 37 to rectangular loading and hence the taper of the wings 
of the subject investigation may account for some of the 
discrepancy betx-/een theoretical a.nd experimental results. In 
an attempt to correlate the effect of taoer on the lift-curve 
slope of sw'ept wings, data from prevl^'us investigations of 
swept wings having different taper ratios (references 1, 2, 

3, 6, and 7) are shovTi in figure 5* For most of the investi- 
gations the wing aspect ratio (defined as b^/S) and taper 
ratio did not vary with sweep. For those cases where aspect 
ratio (bVs) varied with sweep, the data were corrected to 
the aspect ratio (b^/S) for the unsv^ept wing. 
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Examination of the data in figure 5 vrill reveal that, 
as taper ratio is decreased, the maximum value of lift-curve 
slope occurs at greater angles of sweephack. The relation 
"between taper ratio and the angle of sweep at Tidilch the maxi- 
mum value of lift-curve slope occurs is shovrn in figure 6. 

The figure discloses that in order to obtain maximum lift- 
curve slope the taper ratio should be reduced from 1.0 as the 
wing is swept back and, by inference, increased from 1,0 as 
the wing is swept forward. 

A comparison of figtires 4- and p shov;s that values of 
lift-curve slope determined from Icu-gu-scale tests show no * 
better or poorer agreement X’^ith simple theory than values 
from small-scale tests. It appears thi.t the principal disa- 
greement betX'/een theory and experiment lies in failure of the 
theory to properly account for the induction effects on swept 
wings and that in comparison the effects of scale are rela- 
tively small. 

Examination of the nonlinear portion of the lift curves 
and. co.mparison with small-scale data shov/s that no consistent 
effects exist which could be attributed directly to scale 
effect. Those differences which do exist are small and 
erratic in nature and probably result from differences in 
plan form, trying section, and local wing roughness. 

Flap effectiveness .- According to simple sweep theory, 
flap effectiveness decreases as cos^A. An additional 
correction to account for induction effects must be a.pplied 
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vrhen comparing flap effectiveness on wrings of different aspect 
rstlo. The comments previously made regarding the effects of 
induction on lift-curve slope apply equally well to flap 
effectiveness. In fact v^hon and 6 are measured 

perpendicular to the quarter-chord line, the effectiveness 
pa.rameter is unaffected hy sweep and the lift increment 

produced by flap deflection is directly proportional to 
or to cosA. Hence the theoretical effect of sweep on 
flap lift increment may be \\rritten either in terms of sweep 
and aspect ratio: 




0 


COS'^A 


[A/(A+2)]a 


[A/ (A+2 ) J A=0 


or in terms of sx^^eep and llft-curvo slopes: 




CO 3 A 




where a is the angle of attack of the root chord. 

In figure 7 "the experimental results are shoxArn together 
x«Tith predictions made in accordance with both the foregoing 
relations'^. It can now be seen that predictions of flap lift 
increment made in terms of aspect ratio deviate from experi- 
ment the same as did the predictions of lift— curve slope. 
Hov>xever . when predictions are made in terms of lift-curve 


“^Note that in correcting for aspect ratio, the aspect ratio 
was based on the span. As in the ce.se of ^L(x' aspect 

ratios were based on the length of the quarter-chord line 
better agreement in flap lift increment would have been 
obtained for sxirept-back xvings and poorer agreement for 
swept-f orward wings . 
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slopes, the agreement with experiment is almost exact. Thus 

the control which Ct^ has on flao effectiveness emohasizes 

^(1 

the importance of fully understanding the effect on C]^ of 
the many factors involved; this is especially significant when 
flap effectiveness is considered in terms of airplane control 
an6. performance. 

Since the flap lift increment is dependent upon lift- 
curve slope, the conclusions concerning the effect of scale 
on lift-curve slope apply equally well to flap lift increment. 
In general, it can be said that sweep introduces no nev/ scale 
effect on flap lift increments mea.sured at low angles of 
attack. 

Maximum lift .- The effect of sv/eep on maximum lift of 
the wing without flaps, with O.623 span flaps deflected 6o^, 
and with full-span split flaps deflected 60'^ is shown in 
figure S. Attention is called to the fact that the wings 
tested vrere composed largely of oroduction wing panels with 
normal roughness and irregularities such as caused by access 
plates. As a result of the roughness, maximum lifts measured 
on these wings may be somewhat lower than those mes-sured on 
smooth x«rings. However, since the mea.sured values on the 
unswept wing appear to be reasona.bly high for the particular 
airfoil sections, it is believed tha.t the roughness was not 
sufficient to seriously reduce the maximum lift meeisured. 

As shoX'jn in figure S, sweep in wing plan form produces 
serious losses in maximum lift. However, for all but one of 
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the wing configurations the measured maximum lift was equal 

to or greater than simple theory would indicate^ that is, 

^Irax general decrease proportional to cos^A, 

Furthermore, the geometric angle of attack for Ct 

' J-max 

(fig. 9) does not decrease as 


cos4" 


[A/(A-fg)];t,e 
[a/ (A+2 ) 3^ 


vj'hich would he predicted by simple theory. It is probable 
that spanwise boundary-layer flow’’ prevents stall from 
spreading .from tip to root- on the swept-back i<\rlng and from 
root to tip on the swept-f orward wing. It is- also possible 
that - this intense boundary-layer drain allows certain sections 
of the wing to reach abnorma'.ll^’’ high angles of attack prior 
to stall. 

On the unswept wring the gain in maximum lift coefficient 
due to flap deflection is equal to the flap lift Increment at 
low angles of a.ttack; wrhereas on the swrept Things the gains in 
maximum lift coefficient are somewrha.t less than the flap lift 
increments realized at low; angles, of a.ttack. This is partic- 
ularly true for tii.e outboard portion of full-span flaps on 
the swrept-back wings and the inboard. flaps on the sw’ept-forwa.rd 


wrings. (For sw'copback: angles greater then , full-span 

flaps produce no greater ^Lnax prrtial-span flaps.) 

Such decreases in fl^p effectiveness xvith sweep ’are disap- 
pointing but not surprising, since near stall the air floxf 
is separated on the outboard section of swrept-back wrings and 
the inboard section of swrept-f orxeard wrings. 
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rne measured loss in due to sweep seriously limits 

airplane performance. With either partial or full-span flaps, 
the loss in due to 45^^ of s>reep would require increases 

in landing speed of approximately 20 percent. 

Because of differences in taper ratio and airfoil sections 

of models used for small- and large-scale tests to date, no 

quantitative conclusions can he dravn regarding the effects of 

scale on 0^ at various angles of sweep. In general, how- 

nia,x 

ever, it can he inferred that as the angle of sweep is increased 
the effects of scale become smaller. For instance a comparison 
of figure S of this report v;ith figure 7 of reference g shows 
that an increase in Ct of 0.25 is obtained at 0° of sweep 

vrhen going from small- to large-scale tests. In contrast, in- 
creases of only 0.10 and 0.06 in are gained with 30 ° and 

^5° sweepback. The increase in of sweep is in 

general accord v.dth X’diat paSt experience has shoWxi to be a rea- 
sonable effect of scale; whereas the increases for the swept 
wings fall far short of viiat would be anticipated from experi- 
ence on straight vrings. These data indicate that large-scale 
tests show a much more rapid decrease of ^ with sweep than 

do model tests. This seems true Xfhether flaps are deflected or 
not. Since large-scale results tend to approach small-scale 
results at large angles of sweep, considerable care should be 
taken in trying to estimate large-scale airplane performance 

from sx^rept-vring model tests. Expectations of improving Or 

•^raax 

commensurate with that experienced at zero svjeep are not likely 
to be fulfilled. The importance of this problem would indicate 
a pressing need for s>rept-v;ing tests of a number of given models 
throughout the full Reynolds number range. 
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It should be noted that the above inferences have been 
dravm from results of tests of wings using conventional air- 
foil sections. It may v;ell be that when sufficient data 
become available to make similar comparisons on v/ings using 
lamlnar-f lov; sections, the effects of roughness and Reynolds 
number may be lioarkedly different. 

L/D ratio ,- The variation of L/D with lift coefficient 
is shown in figure 10 for each of the five v;lngs with partial 
and v/ith full-span flaps. That part of the drag attributed 
to induced drag has been corrected to the aspect ratio ^ 

(bVs) of the unswept wing, that is, an aspect ratio 
of 1l,62, The L/D values for conditions where the drag coef- 
ficient was less than 0,1 are not shown because it is 
believed possible inaccuracies due to lack of precise drag 
tare values would invalidate any conclusion dravm from such 
results. This excluded study of the most important flight 
speed range for plain wings and hence the L/D values for 
plain wlnj^ are not shoTO, It is believed, however, that 
the results shovm for the wings with flaps are sufficiently 
accurate to allov/ useful conclusions to be dravm as to the 
effect of sweep on L/D ratios for that region of the most 
Interest, centering around gliding and landing. 

The results show that at lift coefficients near a 
maximum lift coefficient of 0,8 the L/D for the swept v/lngs 

®The use of aspect ratio based upon the span of wing rather 
than the length of the quarter-chord line is justified 
on th e basis of results quoted in reference 6^ 
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approximates that for the unswept Turing. As stall is approached 
the l/D ratios of the swept-hack wings remain at least as high 
as those for the unswept wing; whereas the l/D ratios of the 
swept-forward wings shox«r a rapid decrease. 

Lo ng i t u dina 1 Cliar a c t e r i s t i c s 

The effects of sweep on the pitching-moment characteristics 
of the plain wing, ^^ring with pa.rtial-span flaps, and with full- 
span flaps are shoxirn in figures 11 to I3. The remarks which 
follow are based upon the data obtained on the plain wing 
(fig. 11) but in general apply also to the v/ings X'vrith partial- 
or full-span flaps (figs. 12 and 13). 

For lift coefficients lesvS than O.5, the pitching-moment 
coefficients vary almost linearly with lift coefficient and 
indicate that for^^rard sx^reep moves the aerodynamic center 
forx'^ard (4 percent H.A.C. at *^5*^ svreep), while sweepback 
moves the aerodynamic center rearvxard (5 percent li.A.C. at 

sweep). At higher lift coefficients the ±^5*^ sx-;cpt xxings, 
and to a lesser degree the -30'^ sx^rept x^ing, exhibit an abnor- 
mal diving tendency. Similar diving tendencies of highly swept 
wings have been reported previously (reference 1). Such 
irregularities in moment characteristics do not appear serious 
if considered only in terms of the elevator power available 
with a convent lona.l tail. However, the effect upon static 
stability and the abrupt variation of elevator position and of 
stick force x\^ith speed may prove objectionable to pilots. In 


NACA RI^ No. A6 k15 


19 


the case of a tailless design these irregularities would be 
more serious. For instance, if the sv/ept-bach wing were 
considered a possible design with the O.^-'-O-span ailerons used 
for longitudinal control (elevens) and with neutral stability?- 
at low lift coefficients, over JiO'^ up-elevon travel would be 
required to maintain trim even if the eleven effectiveness at 
lo’’' lift coefficients were maintained. For the swept- 

forward wing a similar but less extreme condition existed. 
Smaller control angles would be required but the data indicate 
an abruptness of control motion xviiich, because of the low 
damping in pitch, might be serious in tailless designs. In 
considering the longitudinal stability it should be remembered 
that the effects of fuselage, tip shape, slots, etc., have 
been disregarded. It may be, and unpublished data so indi- 
cate, that minor configuration changes x^’■ill remove the diving 

tendency and its associated problems. ' 

For lift coefficients just less than Ct r bhe swept 

^max 

xi'ings tested, x\rith the exception of the 3^° swept-f orward 
X'ring, exhibited a strong climbing, xoioment. This chara.cteristic 
is obviously undesirable since it makes inad.vertent stall 
quite likely. In reference 6 a cha.rt was presented x-rhioh 
defined, on the basis of small-sca,lc d.ata, .the bo.undaries of 
aspect ratio and sweep angle which vjould give a wing either a 
clixOibing or a diving tendenejr near stall. This chart is 
reproduced herein as figure l4. Also shown on this figure 
are the, date, obtained in this investigation. Based upon these 
data, it apoears that the chart as set forth in reference o 
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applies as well to large-scale as to small-scale wings; further- 
more, the chart applies to sv/ept- for ward as v/ell as swept-bo.ck 
wings. Insofar as the over-all shape of the pitching-moment 
curve is concerned l?r*ge-scale tests agree generally with small- 
scale results with the exception of minor differences. Again it 
should be noted that these comparisons have been made from exa.m- 
ination of results of investigations on wings using conventional 
sections. The validity of the statements regarding these com- 
parisons is as yet unsubstantiated in cases ^ere laminar-flow 
sections are Involved. 


La.teral Characteristics 


Dihedral effect .- The variation with lift coefficient of 
the rolling moment due to sideslip is shovffi in flg\ire I5 for the 
plain wings and in figure I6 for the wings with flaps. The pow- 
erful influence of sweep on the dihedral effect is immediately 
apparent. (A scale of effective dihedral- for the unswept wing 
has been shovm on the figures to a.llow convenient comparisons.) 
Within limits, the dihedra.1 effect due to sweep increases in 
proportion to lift coefficient. 

Both the 30° ai''*d ^5^ plain swept-back wings reached a 

maximum value of O7-, of -0.003^ (17° effective dihedral) at 

p 

lift coefficients of 1.15 and 0.?55, respectively. In the case 


of the swept-forward wing the m.aximum value, of 



increased 


with angle of svxeep, being 0.00l4 for the -30^ s-'<rept iidng and 
0.0020 for the -45*^ svxept vjing. These maximum values for the 
swept-forward wings occurred in both cases near a lift coef- 
ficient of 0.9- It should be noted that x-hile the s\n;ept-back 
wings shovr much greater dihedral effect than do the sweot- 
f or ward xvings, this is due largely to the dihedral effect of 
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the unswept wing. The incremental dihedral effect is roughly 
of the same order of magnitude for either direction of sweep. 

The maximum dihedral effect of the wing with flaps 
deflected is considerably higher, about 32 *^ f")!" the 
swept-back vj'ing with full-span flaps. Such extreme dihedral 
would make maintenance of a wings-level attitude in the landinc 
approach almost impossible because of extreme sensitivity in 
roll to slight angles of sideslip. Even with adequate lateral 
control it is felt that a pilot xvould have difficulty in 
reacting sufficiently fast to prevent reaching excessive 
angles of bank. 

For the case where lift is chajiged by changing <angle of 
attack (flap deflection constant), simple sweep theory gives 
the following relation for the parameter dC^p/dCL : 

6 = (^C^p/^CL)^ = 0 " 


®It is recognized thrt both of the terms on the right side of 
this equation should be modified further by a correction 
Involving aspect ratio and edge velocity. Simple theory 
shows that, where asymmetrical lift exists, the corrections 
would be the form A/(AE+4). Again the question arises as 
to what the value of aspect ratio should be. Obviously the 
choice is more complex than simply deciding whether the 
span should be based on conventional span or quarter-chord- 
line length. In attempting to correlate the subject data 
as well as other swept-wlng data both these approaches were 
used. Since neither proved consistently superior to the 
other or to simple theory, it xvas decided to delete the 
correction entirely. It is possible thrt additional study 
of existing data together with future tests v/lll reveal a 
means of determiining an effective aspect ratio which when 
used in this connection will more accurately predict asymi- 
metric loading conditions. It should be noted, then, that 
throughout the sections of this report dea.ling vdth -asym- 
metric loading conditions (sideslip or ailerons deflected) 
no corrections for aspect ratio changes heve been applied 
to the oredlctions for the effect of sweep. 
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This relation has "been used to estlrxia.te the values of 


"the five xfings tested and the results are 
compared vdth experimental values in figure 17. Reasonably 
good agreement is shown ‘except in the ca.se of the 1+5"^ swoot- 


forward wing which had a somewhat lower value of 


*Clp/oOL 


than was predicted. 

For the case where lift is changed by changing fla.p 
deflection (angle of attack constant), the theoretical effect 
of sweep on <^>C!'j,p/6CL is twice that given by the foregoing 
expression, that is, 


where bf/b is the ratio of flap spa.n to wing spa^n. The esti- 
mated and experimental results for this case are also shown in 
figure 17 . The agreement between theory and experiment in this 
case is only fair. The discrepancy is probably due in great 
measure to failure of the theory to properly account for the 
spanwlse center of load. Theory indicates rectangular loading - 
that is, that the center of additional load is applied at mid- 
semispan of wing or flap. Movement of the center of load 
inbocord as much as 20 percent of the wing semispan would be 

required to make the discrepancy betw^oen theory and experiment 
vanish. 

Thus, relations obtained by mea.ns of the simplified theory 
appear to estimate at least the gross effects of sweep on the 
parameter ^Ci^/dGL . A notable exception is the case of the 
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^ 5 ^ svept-f orw?.rd Turing which exiiiblts a dihedral effect much 
less than theory would indicate hut still greater than the 
30 ^ svrept- forward wing. 

Since the prohlcn of determining the va,luc of dC], p/hCg 

P 

and the maximum value of Ci is orohahly the most serious 
one faced by the designer of svrept— ■'ving airplanes, a. consider- 
able effort has been made to evaluate' the effects of scale on 

swept-bach wings from, the data. Unfortunately, suclx an 
evaluation could not be obtained. Only the generalization can 

be made that the effects of scale appear much less important 

than the effects of vring geometry. Both large- and small- 

scale sweot-baclv-wing tests siiovr very similar characteristics. 

That is, the value of dC 7 ,p/dCg •"'approximates that 

P ' 

predicted by theory, with a maximum vr.lue of 0 ],^ being 
reached prior to the stall, and followed by a reduction in 
C'l as the stall is approa.ched. Note that these and the 

P 

folloxiTlng considerations regarding the effects of scale apply 
to plain sx^^ept-b^.ck wings only. 

As previously noted, the value of dC^ /dCj_^ indicated 

r 

by simple theory is based upon tl';c assumption th(t the addi- 
tional load is concentrated at the mid-semispan . Therefore 
riarkcd differences in this parameter vjould be expected x«’’hcrc 
nonrect angular loading V8.8 known to exist. In compering 
experimental results with the theory such was found to be the 
case. Reference 1 showed that for the rectanguler sv;cot-back 
wings the measured value was as much as l4 percent more than 
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the predicted value. The tests reported herein gave cxocri- 
mental results less (as much as 1-!- percent less) than the 
predicted value* Svich differences night be a.nticipated since 
theory shov/s that s>:ecpback tends to shift the load center 
towards the tips, and taper ratios less than 1.0 tend to shift 
the load center towards the root, A conplctc understanding of 
this action cannot be had until more thorough studies are naao 
of the effects of sweep and taper on loa.d center. A first 


approximation (probably an ovcrcorrection) of the answer can 
be reached, however, by simply adjusting the load ccnt:r to 

correspond to the area center. If this is done, ulieory would 
fall within 10 percent of the results show, in this report 

while, of course, the discrepancies of reference 1 would be 
unchanged. Such a. procedure applied to the results of refrrcnc 
3 would slightly overcorrect for the effects of taper that are 
show. From this it can be concluded that the value of 
bCip/oCL can be aporoximated to within IR percent by simple 
theory; that a closer approximation can be had - prob8bl37- 
x^^lthln 10 percent - if the centroid of loo.d Is assumed to lie 
on the centroid of area. It is believed that the effects of 


scale fall T-'ithin this latter error a.nd probably arc of the 
sane general magnitude as the effects of section or tip sha.pe. 
No data could be found to aid in a qua.ntltatlvc eva.lua.tion of 


these effects. 


V^ith regard to the maximum values of Ci^ 
encountered with a highly swept wing, it ap'-jcars 


likely to be 
Impossible to 
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conclude more than the fact that a maximum value exists for 
every King and that this maximum value tends to decrease vrith 
taper ratio. The data of this report and reference 1 shov: 
very nearly the same maximum value (Oi^ = O.COI5 t;o O.OO30) 
for both swept— back wings. Reference 3 shows a very similar 
m.aximurn for the untapered wings but shows the maximum, decreas- 
ing with both tapei" and sweep for other wings. No relation 
seems to exist between the lift coefficient at v/hich the 

m.a,ximurn occurs and the maximum lift coefficient of the 

P 

wing. Since, however, the value of dCi^/dCr^, in general, 

increases m.ore rapidly w'ith sweep than Ct decreases, the 

•nmax ’ 

maximum value of occurs at progressively lower percent- 

P 

ages of as sweep is lncrea,sed. For instance, for a 

sweptback wing, (3, occurs at O .55 Ct in refer- 

^ - ■'-max 


Pmax 


nee 3 > O.ol in reference 1 , and O.70 in the 


- for a "^0^ swept-back ring 

r'max 


ne 


data of this report; whereas 

occurs at O.SO Ct 0 .S 2 Cj , and O.91 Ct for tl 

•L-i.iax ^:ax •'“nax 

sam.e data, respectively. Since the phenom.enon which causes the 
valve of C], to peak are not completely understood at the 

(/ p . ... 

present time, an accurate prediction of its value is impos- 
sible. Examination of all avalla.ble d.ata leads, however, to 
the conclusion that if a maximum value of -O.CO3S is chosen 
the choice can be considered conservative, but for the present, 
wind-tunnel tests must be relied upon to give the exact 
answer. Certainly this problem, is worthy of additional study. 
Until the governing factors are more clearly defined It renainr 
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InDOssiblc to deternine to v;hat extont G 7 . is affected "bv 

" Pmax 

scale. 

In the case of swcpt-bach >-ings i^lth flaps deflected the 

amount of correlation possible bet’/reen large- and small-scale lata 

is extremely limited and the results far less amenable to 

interpretation. For most cases examined theory gave at least 

a slightly conservative value of 601^/6 0 ^ the change 

in lift coefficient was due either to a flap deflection at 

constant angle of attack or a change of angle of attack v;ith 

flaps deflected. All the data, large and small scale showed 

or indicated that a value of Ci- existed and nhat it 

vnax 

Increased with sweep. Fnile no systematic variation of Gt,. 

Hmax 

with wing geometry could be ascertained, none of the data 

showed a value greater than -O.OO 7 . For the present, therefore, 

if wind-tunnel tests are not available the best approach to 

predicting Ci characteristics of swept wlnrs with flaps is 
P - w . 

to use simple theory to predict dCio/^Cj^ and to consider 

p 

-O.OO 7 Cl as the maximum, 

P 

No correlation was attempted with the swept-f orward-wlng 
data because of the scarcity of low-scale tests. 

Aileron effectiveness .- The variation of aileron effective- 
ness with lift coefficient is shovni in figure 12. The values 
of aileron effectiveness shown in flgoiro 16 were obtained as 

the produced by - 15 ^ or 1^'^ of aileron deflection and 

hence are AG|,/A6a rather than a true Ci. . It is Immediately 

apparent that aileron effectiveness decreases with sweep. 
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decreasing c.s much as ^0 perceiio for oi'‘ sv/eep. The effec- 

tiveness of the ailerons on the s’'vcpt-back ^'’^ings decreased 
vrith lift coefficient, rapidly at high lift coefficients. 

This is due to a loss in effectiveness of the upKard deflected 
aileron which is in the wake of the separated flow and hence 

contributes little or nothing to the rolling moment. The 
ailerons on the swept -f onward wings show a general increase 
in effectiveness wit’i lift coefficient, probably due to a 
favorable effect of the spanwlso bo^mdary-laycr drain. 

According to the simplified theory, as a wing is swept, 
the aileron effectiveness will decrease, as for a.ny flap, in 
proportion to the cos^A. That is, when corrections for 
aspect ratio are ignored the va.luc of *^ 15 ^ given by the 
following relation: (3oe footnote 6 , p. 21^ 

This relation has been used 
aileron’’ effectiveness with 

and the results £ire compared in figure 19 with the experi- 
mental data cross-plotted from figure IS for zero lift. 

■^The ailerons on the wings of this investigation varied both 
in the relative amount of wing area affected and in the 
relative spanwlse location of the center of pressure of 
the area affected. In comparing’ theory and experiment, 
these variations were accounted for by correcting; the 
theoretical values of aileron effectiveness in proportion 
to the ra.tlo of the relative area and spanwlso center of 
pressure of the swept wing’ to the relative area and spa.n- 
lA'lse center of pressure of the unswept wing. 


cos^A 

= 0 

to predict the vo.rlation of 
sweep for the five wings tested.. 
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For either sweepf orward or svreepback the experimental values 

of aileron effectiveness are as much as 20 percent lower than 
the theoretical values. 

The foregoing results show that aileron effectiveness is 

reduced by wing sweep and. that on si-rept-back wings the aileron 

ef fectix’-eness is further reduced at high lift coefficients . 

Insofar as rolling control at low lift coefficient is 

canoerned, theory shov/s that C-j, is reduced in proportion 

P 

to cosA; x*’’hereas is reduced in prooortlon to cos^A 

and hence pb/2V will be reduced in proportion to cosA for 
a given size of aileron. In general, therefore, it appears 
tnat , to malnte.in a. given va,lue of pb/2V, aileron size must 
be increased as wings are swept. As higher lift coefficients 
are reached the lateral-control problem becomes particularly 
pronounced. Not only must powerful lateral control be provided 
to overcome great dihedral effects but the results reported 
herein shoxir that available lateral control, at least for 
sx\rept-back wings, decreases seriously v:ith lift coefficients. 
For example, x^ith the 4-5^ swept-back xrliig equipped x-ritli full- 
span flaps and flying near I3"’ of total aileron 

deflection would be required to hold the wings level for only 
1 of sideslip. The need for development of adequate aileron 
control or a. means to reduce aileron control requirements is 
obvious . 
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Directional Characteristics 


The variation v^ith lift coefficient of the yawing nonient 

due to sideslip is shown in figure 20 for the plain wings and 
in figure 21 for the wings with partial- and full-span flaps. 
Swecpbacli increased the dlrectioiial stability and sweepf orwa,rd 
decreased the stability; however, due to the initial positive- 
stability of the unswept wing the stability of the swept- 
forward Tilings becane negative onl^'' at higher lift coefficients 
and then only slightly so. 

The theoretical effect of sweep on the directional 
stability is in accordance with the following relation: 


The directional stability estimated on the basis of this 
equation is compared with experimental results in figure 22. 
Although precise agreement is not obtained, the trend of the 
experimental data is indicated by theory. 

The directional characteristics of the swept wings tested 
should not present any serious problems of a purely low-speed 
stf-tic directional stability and control nature since adequate 
stability and control should be obtainable by use of fins and 
rudders of normal proportions combined with normal tall 
lengths. However a dynamic problem arises from the fact that 
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of InstalDility which has been discussed in reference o. The 
data obtained in the investigation reported herein substantiate 
previous tests conducted on small- sca?:.e models and conse- 
quently Indicate that means must be found to balance C? a.nci 



aOKCLUDIKG REhAKhS 

Large-scale tests indicate that the primary problems to be 
overcome before successful use can be made of high angles of 
sweep are (1) high dihedral effects accompanied by poor lateral 
control at high lift coefficients, (2) low maximum lift value 
together with low flap effectiveness, and (3) rapid shift in 
neutral point in the moderate to high lift-coefficient range 
coupled with a. possibility of strong stalling m.o.ment at maxi- 
mum lift resulting from poor plan-form choice. 

In general, simple theory enables good predictions to be 
made of the gross effects of sweep on wing characteristics, 
but it is felt that the accuracy is inadequate for purposes 
of design. It appea.rs that the majority of the inaccuracies 
result from an incomplete understanding of the effects of 
aspect ratio. 

!^nerc it has been found possible to compare t urge-scale 
data v,Tith small-scale data a compa.rison has shown that where 
scale effects exist at low angles of sweep, scale effects 


NACA RM No. A6 k15 


31 


tend to vanish at high angles of svrecp xfith large -scale results 
approaching small-scale results. 
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appendix 

Description of Basic ’Jind-Iunnel Test Results 

For each swept wing, six-component force dstn were 

obtained at severa.l angles of sideslip and several values of 
dynamic pressure, (See fig. 23 for va.riation of Reynolds 

number with dynamic pressure.) At each angle of sldeslio, 
several model conf igurations were tested including plain 
wing, wing with partial-soan split flaps, wing with full-span 
split flaps and wing with split-flap-type aileron. The data 
obtained arc presented in figures 2K to 91 in ierm.s of the 
variation of the measured characteristics with lift coefficient. 
Table II forms an index of these figures presenting the basic 
data. 

All the data a.re referred to the stability axes vdiose 
origin is located at a point on the root chord or root chord 
projected and at the same fore and aft location o.s the quarter 
H.A.C. The test results are presented in the form of standard 
NACA coefficients as defined in the section Coefficients and 
Sjonbols . 

All the basic wind-tunnel deXa h.ave been corrected for 
air stream inclination and for wind-tunnel-wall effects. A 
brief analysis of the effect of streep on tunnel-wall corrections 
indicated that the average correction either with or ■''■Ithout 
sweep wa.s approximately the same for the tunnel wing configura- 
tions considered. Hence the standard corrections for unswept 
wings were applied. 
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Force tests made vith the sting: support alone in the 
tunnel showed that its tare should he negligible except in 
the case of pitching moment, drag a.nd yawing moment. lieasured 
pitching-moment tares are believed reliable and were applied 
to all the data. While the dra,g tares are appreciable 
(approximately 0.02 in the case of tiic unswept wing where 
the area Is small and decreasing for the swept wings where 
the area is larger), it is felt that they could not be 
determined with sufficient accura-c^; to verrent application. 
Hence no drag tares have been applied. Since the measured. 

yawing-moment taros (fig. 92) were small, they were not 
applied to the basic data. However, in analysis of the de.ta. 

it was found that the tares were relatively large "hen 
compared to the effects of sweep. In order then to properly 
assess the effects of sweep, it wa?.s necessary to apply tares 
to the summary data which is, therefore, shown fully corrected 
in figures 20, 21, a.nd 22. 
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TABLE I.- 


GSOIETRI C CIIA-IACTEUIS T ICS 


OF THE FW2. ff/TEPT TINCS 


Angle of 
sv/eep 
(deg) 

Span 

(ft) 

Area, 

S 

(sq ft) 

i 

1 

Aspect 

ratio, 

bVs 

i 

u _ 

Taper 

ratio, 

^t/«r 

^Heaji aero- 
d;^rriamic 
j chord, c 
; (ft) 

Span oi 
partial- 
span flaps 
ifo b) 

%pan of 
full- span 
flaps 
(f. b) 

2 * 
Span of 1 

ailer- ! 

ons i 

{% b) j 

-45 

1 

32.38 

335.5 1 

i 

1 3.12 

0.38 

11.32 

62.3 

I 97.0 

1 

34.7 1 

♦ 

1 

-30 1 

1 

i 36.39 

282.0 i 

i 

i 4.69 

1 

.40 

3.44 

62.3 

1 

j 95.2 

i 

30.9 

0 i 

1 30.53 

201.8 i 

1 4.62 

\ 

.55 

6.92 

62.3 

1 

I 92.5 i 

! 1 

i 30.2 

1 

30 ' 

! 

36.06 

1 268.4 

; 4.84 

1 

.44 

7.97 

62.3 

1 

i 97.0 1 

j 

34.7 

4-5 1 

i 33.56 ’ 

1 

1 309.6 
1 

! ; 
{ 3.64 i 

I 

.42 

i 

■ i 

10.00 

i 

62.3 

i 

L.i. .. 

96.2 1 

1 

[ 33.9 

[ ; 


^All chords were measured parallel to the air stream. 
^ Flaps and ailerons were 20 percent chord. 


V> ; 
VJ1 
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TABLE II.- Il'^DEX TO Tlffi BASIC D.iTA FIGURES 


i 

: 

Figure number 

^Nominal 
angle of 
sideslip 

t 

! 

Configuration | 

Data presenlied 

i (I 

1 

cn 

A“*-50jA“~ 0 

A=30 
1 

A=45 

24 

36 

50 

64 

78 

0 

i 

Plain v;ing 

6j) 0^ ^ C V vs Cg 

25 

.7 i 
67 j 

51 

rci 

65 



1 

Plain -vving + partial -span flaps } 

1 

,Cj^,Cy vs 

26 

CD 

52 

66 

80 

° 

! 

Plain vdng + full-span flaps j ,Cv^,Cv vs 

1 

27 

1 

39 

53 

1 

67 

1 1 

81 

1 

0 

1 

Plain v/ing + ailerons 

i 


! 28 

j 

40 

54 

1 68 ; 

; 82 

-5 

i 

Plain v/ing j 

1 


1 29 

41 

55 1 

1 

1 69 

! 

i 

! 83 

; 1 

-5 

1 

1 

Plain wing + paid:ial-span flaps j 

^ C|^ >C^^G Y vs Cj^ 

! 30 

1 

42> 

56 j 

1 

1 

1 70 

1 I 

i 84 ! 

1 

i -10 

i 

I Plain ^Ying 

,Cj^,Cy vs Cl 

1 31 
1 

43 

57 1 

' 71 

85 i 
1 

1 

1 -10 

! Plain vdng + partial- span flaps 

Cd>GC^Gjj|,C|, Cy vs Cj^ 

1 1 
1 

44 

58 

72 

i 86 1 

I i 

1 -10 

1 

Plain iving 4- full -span flaps 

Y vs Cl 

32 

45 

59 

73 

a. 

‘ -10 

i 

Plain vdng 4- ailerons 

0,C^,C7 vs Cl 

33 

46 

60 

74 

88 i 

5 

Plain wing 

1 

! Gp>(X>C 2 |T^>C|^ >Cj^^Cy vs Cl 

34 

47 

61 

75 

i 89 
i 

5 

1 

j Plain wing + partial -span flaps 

i 

jCD,a,Cjj^,C^,Cj^,CY vs Cl 

— 

48 

62 

76 

ao 

5 

1 

Plain v/ing + full-span flaps 

!cD^a,Cj^,C|^ ,Cn,Cy vs Cl 


49 

63 

77 


! 91 

i 

] 

1 ^ 

Plain wing 4 ailerons 



^Actual angle of sideslip is noted on each curve sheet. 
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NACA RM No. A6K15 


Fig. la,b 



(a) The 45° swept-forward wing. 



(h) The un swept wing. 

Figure 1.- Photographs of three of the swept wings mounted in the Ame 
i-[0- by 20-foot wind tunnel. 







NACA RM No. A6K15 


Fig. Ic 



Figure 1.- Concluded 




NACA RM No. A6K15 


Fig. 2a 


NOTES: 1.- SWEEP ANGLES GIVEN ARE REFERRED TO QUARTER CHORD LINE OF AIRFOIL 
SECTIONS. 

2. - FORE and aft LOCATION OF ROOT CHORD IS REFERRED TO .25 MAO. 

3. - CHORD AT FLAPS AND AILERONS IS .20 OF WINS CHORD MEASURED PARALLEL 

TO AIRSTREAM. 




Fig. 2b 
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NACA RM No. A6K15 


Fig. 3 



NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


Figure 3.- Sign convention for the standard NACA coefficients. 

All forces, moments, angles, and control surface 
deflections are shown as positive. 


Figs. 4,5 
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NATIONAL ADVISORY COMlilTTIE 
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^,-COMPAafSON THBOBBT/CAl AA/P SXPEB/MErA TAL 

EEFECr^ OF O/Y L/FT- C(/Py'S 



AN6LE of S\YEEPj PLj deg 


Figure 5.- Effect or sweep on lift-curi/e slope 
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Figs. 6,7 
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A/^gie ^yy££/^,Ji, d£g, 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


F/gc//z£ T. — CoAfp/ie/soA' 3£rh^££// r/^£ rj/eoe^r/c^^ £^£>£:^/A^£//rAi 

^/C>f^^73 (O/^ OA' r//£ /A^^£rA/£A^r 0£ l/£r 03T/i/^Ae>/.£ 

AT 0° AA/<^^ 0£ ATT/^££ 3y^ £?££^£CT//^ £C/IL-3£AA/ AA/O 

£Aer/AL-^e^rv 3 pc/t £LAp^ go^. 


Figs. 8,9 
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L/F-^DRAG /BATIO, ^/o L/TT/D/eAG ISATIO, ^ 



FfQUfSS /O. — i//KlSlA'nON WfTH LIFT COEFFICIENT OF 

LIFT- DBAG fSATIO OF THE FIVE SWEPT 


NATIONAL ADVISORY COkNITTEE 
FOR AERONAUTICS 


VJING^. 


/r<Sa^£ II P/TCH/A/0-/y;OM£A/T CHAJ^ACT£/^/^T/C£ 

OF" T/^£ £/V£ ^J^£/^T FV/A/03. Pl/i/N 
/tV/V(5 CO///r/Q<J£AT/0/^£. 


NACA RM No. A6K15 Figs. 10,11 


L I rir cos. rriQiEhiir 




12.- MOMENT OH AR AC'T S I ST~f CS 

OF ‘THE F/VE SiA/Cpy WtHSS, 6^.3 % SFAH FfGURE IS.- PtTCHI f\tG- Ht OMENT OHARACT ER/STf CS 

SFLIT FLAPS DEFLECTED 60 ®. OF THE FiVE .SWEPT FULL- SPAN 

SPLIT FLAPS DFFLEC.TCD 60 ®. 


Figs. 12,13 NACA RM No. A6K15 
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F/gue£ C^^/er sc/AfA^/i£/z/A/G tn£ effect of 

ASFECr FAT/O ON THE P/TCF/NG-A70A1£Nr 
OL/F^E OF ^AVEFTAACAT N/NGS AT TNF 
ETA^L. 
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JL/FT OOEFF/O/FN^T, Cl- 
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NATIONAL ADVISORY COMMITTEE 
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20 


10 


re, 

DS&. 




vl*- - 30 ^ 


'to 


-r20 


F/CTL/FF !Sf T?^f fffecf of GA/EEF on 7 >AE- 

1/AF/FF/ON of O/NEOFAE FFFECT A//77V L/Fy 

coeff/o/ent: Fea/n ^/za/g. 


NACA RM No. A6K15 Figs. 14,15 










•006 

































6C>. 



t 

k' 

(■tStif) 

O^C 4_ 

/ 7>? 

\^A 

rs 









•,ooz 


y 

y^t 

3 












i 

/ 















d 

y\ 

/ 

} 










-6 

’O 


O 

v? 

o / 
/ 

1 


1 

0 

1 

P 

(5“( 








{ 


A/vccP 

CP 

1 

- 

<PPA 


1, ^ 








2 

/ 

/ 







c 

5 Pi 

:xi/v 

KZ/A/ 

'C 





/ 

/ 



1 

\ocpj 

1 

-oos 

1 




A P^‘ 

□ vj/c^/v pyy 

APS 

\PS_ 

i 

fA i 

>fQ 

P}T 


i 

VJZ^ 

1 

AP 


rr/^ 

'CT 






' c 













] 

f 

^ULL- 

SPf^t 


Jj ^C, A 

;_x 

bJ-?. 

S/A 
S — 






1 

'ac. 

-oo^ 




/ 

/ 

< 

/u 

— TA 




^ 



62.3 

% ^ 

P/9 A/- 


1 







/ 1 

r\ 

i 








O' 








:n 

• 4 

'O 


\ / 
y 

^0 


o 

■<< 


(f< 

p 






A 

L 

y 



Aaai 

OP ^ 
1 1 








y 

/ 

7^ 

T—/ 

/ 

/ 


NATlUNAli ADVJ.SUHX UUIUU.TTJLJL 
1 1 FOR 1 AERONAUT 1 08 1 | 



(tj 




AT COr^>STA\^T 


ATTACH 


f~/C^y^£‘ H,’' 1/A4^/AT/0A/ h//T^ >S^£T'P CP TPfT £^T/P/ATPO 
s^/=>jT^//^prAL y<A^i/rsS op /o^Q 


NATIONAL ADVISORY OOklilTTKl 
FOR A2R0NAUTIC8 





Figs, 16,17 NACA RM No. A6K15 
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Figs. 18,19 
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Figure 19.- Effect or sv^fep on the /aileron effectifeness for 
THE Plfun V^INg 2:EF0 LIFT, 


Figs. 20,21 
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FOR AERONAUTICS 


2 /. - r o/=^ ?~/^r P<^A^/y\ -t/c>a/' o/-~ o 7 /a/v^ l 

O'Z.^/tr’/^L / 7-K 7y/ r/V 7/7^7 C'n/r7^7^/C7/4£r7V T . '/< C'7/O/^U sS7^/./7 

7ic^/^:s 0£r/^7 £T C 7^JE/7 0 7 J " . 


Reynolds numbeh 
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Figs. 22,23 
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FiaueE 23 - VftRiftriON or Reynolds numbek with dynamic pressure 
For wines tested 




-4 O 4 Q It J6 20 Ze 

OF- OC 

(a) Co , OC, vs Ot 

/vGC'/^F' " ^^Aeo £> yy^'^Af/G c t~^/9 /^fa < r>r of- t-aaf' *9e- * 

^^F'F'r‘F‘CJ^^A9/^£> WAAAC v^T- F O.^** >SyZ>^^XAF* 

PjLFi/A^ A^//\/G. 


Fig. 24a NACA RM No. A6K15 


NACA RM No. A6K15 


Fig. 24b 
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o 7 z 3 S’ .6 7 .a O -oa -JZ --76 ^.20 

^/p>9^ CO£~^^/C/JE~A/Ty Co f^/TX2/y/ A/<» ^ AfOA^£‘A/7“ CO S’/^^/O /S‘/V Cm 

O ^ Q \7- f6 20 77h 

/9/v<yz.^ >^7-7-/9c/r^ oc 

fa) Co,o^, C7,„vs Cl. 

O W/AyG 

CHORD, 6Je.3y, sR^/r 

RLRRS D/SRi^CCTJTD SO/* 


Fig. 25a NACA RM No. A6K15 



NACA RM No. A6K15 Fig. 25b 



AA/e^£- /fT-r/9C/Ct oC 

®») Co , oc , C„ vs Cc 


A^^ox>yjy^j 9 Af/<i c. 4 ^/pj^^cir^je/^ryc^ oje- 7 ^ 4 #* 

W^A/c ^7^ ^0.2,* jeo % c^ow 
^ijrSA>yi/v nykA>s ojm,ecr£^i> go? 


Fig. 26a NACA RM No. A6K15 



F’fGU/^C, CoNCLUDEO 


NACA RM No. A6K15 Fig. 26b 


CO£'/=-/^/C/S'Ay 



34 . 6 % ^f>AN ^^JL/T r^LA/^ Ty/=^£ A/^J^^OA' 
ON >9/ S >✓ 7* //fA Q T£:o t 


Fig. 27 NACA RM No. A6K15 



Vyyyy^ ® ^yy^^Ayy^ 

Pj^AM/sf iV/>VG. 


NACA RM No. A6K15 Fig. 28a 





Fig. 28b NACA RM No. A6K15 


<r<^<dr/v«vc-/^/t/77 





A ^Jc>ojoy A/ r~^JF ^>s-* 
O'/V'^yo vyy/^<S A97~ — ° y^ 

zoy^c^o^j^, SZ.3 ym ^>=»>»>v ^/=»x^/r 

JO£r/ri_ £TC T-jEjO 60. ** 


NACA RM No. A6K15 Fig. 29a 



^^. — Coa/CjLCjOJS'O, 


ig. 29b NACA RM No. A6K15 


Z//CT7- <ro/r/=‘/*-/<r/^A/ 77 



^rr/iCA/ , 
63 ) Co , cR C„ vs 


A^^OAoy/y^^Afyc, c/y>p>e/PC7--tf^/^r'/CJ' 0/«- 

wy/^<S ^7" — ° y^>p 

zoy»c^o^/^, SZ.3 ym ^/=>jL/r 

JD£:Ari_£rC7-j£‘£:> 60.** 


NACA RM No. A6K15 Fig. 29a 
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30.^ A£Tjeo£>y/^^Afyc o>e- rw<^ 

/9’T- -d.^ • Ai 

Pla/n yy/A^G . 


NACA RM No. A6K15 Fig. 30a 



Cb) C(, C„, Cy vs Cfc 


30. - C'OA/'C^ 


Fig. 30b NACA RM Na. A6K15 





^!>%/^^’7-^*ndj^UfA9J^^ u^yy^a ^7~ -s9.9 ® / y® 

- 80 >^ 0H0/9O, e^.3% S/^JL^r /^LA/=>Z 

£^£‘/r^^£CTJS^O GO* 


NACA RM No. A6K15 Fig. 31a 



3/. - Co A/C/. 


Fig. 31b NACA RM No. A6K15 



NACA RM No. A6K15 Fig. 32 



33 .-" <r>yvste>^c7'-^-6Vj-rvcrj- o^ ^j"« 

vT^4?-/o 7- >*Vi>e i^y9je£> A^yyy<^ a»t- ^ 5 ^® 

/^>fW kv/zva. 


NACA RM No. A6K15 



33. — Cc/ycy. 


NACA RM No. A6K15 Fig. 33b 



Co) Co, c« vs C^. 


3^.~" yC OA^/9J^^cr‘M‘^y^^yc9‘ 7“yy^ ^ 5 “® 

:zo%CHo/RD, ez.sVm 3pyi^ spur P4 laps 
DiTPLircr^o eo*» 


Fig. 34a NACA RM No. A6K15 



-.OX ^ .o/ O >OI .ox S//DS’~y^<O^C2.£- CQ£-/r^ycyS^A/T'^ Cu 

y^it^/A/o~/^or^^/vT oo^>->pvc/^A^7j ' 

Ob) C^ , Cri, Cy V.S C|. 


/^/<2 3 ^. — C^yycy^ Cf£>s‘£?^ 


NACA RM No. A6K15 Fig. 34b 


CG^J^^/C2/£~A/7Z 



/=>^6//^4Er ^jr/^z^yA//^Af/c cTA^^^cT'jr^/’Sr/c^s o^ -r^£^ 5 *^*’ 

wz/v^ zoy* c/^o^o 

34 ^ 5 ^ s^y^/v SA^r F'AAP ry'Pe a^ 'L£:roa/s 
oeATi^cTJ^o ±/^^, 


Fig. 35 NACA RM No. A6K15 
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0/2AG CO£‘rrfC/£~NT ^ Co /=>/7'CJV/A/G~A40A7SN7' coe/^^/c/r^r. Cm 

O ^ a /Z /S ZO 


<p) Co, «:. c„ »s C,. 


3 €.^^^Aeo^y/^/9^y<3 c///9^^?C7“^^/sr‘ycs o^ ?ov-d“ ® 

^V/^/=*7~AXf/^ W/yVG^ >97- -a-2 

>V/A^< 5 . 


NACA RM No. A6K15 Fig. 36a 



(W Cf, C„, Cy VS 


3S. - COA/CJL C/n£TO» 


Fig. 36b NACA RM No. A6K15 


C-0£-/e-^/C y^/V 



/9/vCLr or- /?r*7-/?c/fS oL 
Co) Co, oc, C„ vs 

y}<saee S/.— A^-A^ojztyAr'^Af/a C/v/?^?t^c7'£'/9/sr~ycs^ tw,«- .so* 

s \^£-^T^o/9 h^/9/ea w/A/(S /yi o.^** 

c^o/^o, G;^.3^y^ > 5 >^^ a / <Sjo/./r /=-jl^a>3 

je-c tjeo <30? 


NACA RM No. A6K15 Fig. 37a 
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(fc) C„ ^ Cy vs C|^ 

3/, — Cb/VC-d c/£^JTO^ 


Fig. 37b NACA RM No. A6K15 





fc) Co, cc, C„ vs C^ 


33.— As‘,^^auoyA'^^/o c///9>«»>9C‘r-^/Px^r>'c j* 7ri^^ 

W//VG /? 7 “ ^0.2° y^ 

20 CA/O/9/O, S/Q^A/ /C'Z^/=»>5 

OJS^f^U^CTJ^O G'O? 


NACA RM No. A6K15 Fig. 38a 



33. — . Co^ci, uDsro, 


Fig. 38b NACA RM No. A6K15 



Aa/gl£- 0/=- Ay-j-ACk: ^ QC .CS .oA o ^OLL/K/<!t-/^OM£Nr cojrrr/c/erNT^ CJ 

P/ycH/Nd- MOA'T£-/>^'r 00£rrr/c/£rNz 
P/gu/2£~'3B . — Asr^oo'TA/AM/o c/~/A/s.AC'-r£-/z/s3y/C'>s o/=~ yy-ze 
>Sh/£rAy/^OAiJ^A/ZCt h//A/d Ay -0.2 ® >S/n€~>3L/fi>. 

20 CHO^£> ,'Z\.Z% .S/^AA^ 

A/JLJT/^O/^ O/V /P/G/^r jy/A/G 0£r£'JL£'CTJ£0 


NACA RM No. A6K15 Fig. 39 



C>^ ^TT-^QA', OC 
(o) Co, Cr„ VS Ct 


/r><s:c/^^ Ov^^/O07“^y«»/S'rvc^ o^ rw^ * 

U^/9/e^ U^/A^Q APT^ -S'. 3 ° ^/£>JESX.y /^ 


Fig. 40a NACA RM No. A6K15 



— c OA/C 1. 


NACA RM No. A6K15 Fig. 40b 


jL/^r- CyO£-^/=^/C /STA/lTt Ojl 



oat A?7-r^APCArj oC 
(a) , QC, c« vs Ct 

4/.— ^^/ro£>y/v^/^yc cjV/9^^7’S‘A/^T-yCs ^o * 

i/^yAA^ y^y S.S * yy^ 

zo u CA/oAno, ez>3 s^jl/t y/u^/^s 

J3J^/rjU^Cr£^£> eo 


Fig. 41a NACA RM No. A6K15 



Ob) ^r) > 


Cxy/vaJLijo^O. 


NACA RM No. A6K15 Fig. 41b 


C04£-/erve-XC/'-tf'yV7^ 



(o) Co, «: , C,„ vs Ct 

^yau/^C 42 ,“ Ayr/^o£)yA^/?/^/<z CA/y?^^c7“dS‘j^y^7'yc^ o>«" ryy^ *o • 

Pl^f/^ \iV/A/0, 


Fig. 42a NACA RM No. A6K15 





NACA RM No. A6K15 Fig. 42b 
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^3. — A^JPojDyyy^Atj c. cyyy?ypz^c 'r/Tj^ys-T^/c^ o^ r^yy^ ^ * 
^\^ye^7~^cz^tiyz^^j> w/y/G / pt - ^yzxe‘^u,yyp 

Jto V* c/yo^o, €Ji.3 % 3/=*zt^yy 3/s^/i/r /^j^/^s 
ojT^y^cr^^ so 3 


Fig. 43a NACA RM No. A6K15 



Ch) C,. C„, Cy vs 




NACA RM No. A6K15 Fig. 43b 





^ 4 ‘. — A^j^djoy/y/^r^/c. c^/p>e^cr^MV-T-rycj- o^ r>/jr jvj * 
J20 ^ cHOJ^o /=’ULL. s^A/y s^Ji/r 

ojS’^jl^ctje'o go* 


Fig. 44a ■ NACA RM No. A6K15 



6b) Gf. C^, Cy VS 


4 ^ 4 ^, - 0£>/r^, 


NACA RM No. A6K15 Fig. 44b 



-«?% om»w, 3»% 3>Q4V 6;^^/r 7>'/c?<r >?/4:^>9av^ 

z?£r^jL£‘c'r^jD t y^.*^ 


Fig. 45 NACA RM No. A6K15 





Co) Co. CSC, vs C^ 


Z/<sc/X£- 4-6.— A^^a£>yA'^!/^^c Otv^^y9e-7-4S>e/-rr/<:s c^ jo* 

^ju^/az zv/zs/q. 


NACA RM No. A6K15 Fig. 46a 



Fig. 46b NACA RM No. A6K15 





fo) , cCj C,^ vs Cj_ 

AAAA^a ^T- ^ ^.O A/? 

jao^ ca/o^jo, (S^.^ ^ SA^i^r 

r^JETA^JL^ CrjT^ €0. ® 


NACA RM No. A6K15 Fig. 47a 



CcA/^C/.O^JFd, 


Fig. 47b ' NACA RM No. A6K15 





O/^ OC 

Co) C^, cc, C^ vs C^ 

c/y^^^CT'^^/^r/c^ c>vC“ tw^ sc ° 
d^//^<s /^r“ ^ ^ O ^ 

^O 5 ^ C/^ORO /=^C/L,i^ SP^N SRJL/ T p-d^PS 

OJE:pjLd^crPz:> eo ® 


NACA RM No. A6K15 Fig. 48a 



(t>) Cf^Cfy,C^ VS 




Fig. 48b NACA RM No. A6K15 



sSl^£’PT^Oepy/QjQ,0 PT >S/0£T^L/P CPOPO 

31.3 ^ sS/<^/V sSPjL/T TKP£^ ^/^/^OA/S t 


NACA RM No. A6K15 Fig. 49 



C) s /z /€ ao 


A^S^jL£T ATTACA:^ ^ oc 
^ D > ^yn ^L 

f/^C//S.£r SO.-‘/^f£:jQC^O'r’A/Xi/^yC' C/V/^^A)OT£rJ^i/ST^/C^ OA" 7>yi£- U/VsSh^CPT 
ivVA/<T s5‘/<^-^sS'Z.//='. /^»//y' KV'/zV^, 


Fig. 50a NACA RM No. A6K15 



Q>) C;, 


^/eu^£T — Co/VK^Lt/osro . 


NACA RM No. A6K15 Fig. 50b 


OO jr^/r-y c?y^A/ r“V 



Co) Co , oc , C„ I's Cl 

A/C(y/^^ S’/, ^ ^yri^z>yjy/9yyyc. ^yyy?j^/?<z7“^^/ ^yyS O® 
^u/yry^-r- i^/y/G -o. / ° ^AO£r>5'^/y’. ^ ^6 cyyOjR/D 

6^-3 3y»yL/r s^ynj^cr/^o go? 


Fig. 51a NACA RM No. A6K15 





NACA RM No. A6K15 Fig. 51b 


co£r/^^yc/£T/yT'^ Cx- 



Co) Co, CC, vs G,. 


F/Qcy/^£T S ^^0£>yAy^^yc. c r“y^s 

"7*/-/^ SLU f^T" V//^Q ^T" ~'Oo/ ^ ^^0^0 

^UU, ^/^AN SPl^fT ^JLA/>S jDS^l^SCrSO SO? 


Fig. 52a NACA RM No. A6K15 



’ ’^Co/^CJL 


NACA RM No. A6K15 Fig. 52b 



/^/TC///A/tS--/^Af£7V7- COC^^/C/rNT 

f/<^cy^£‘ S3.^/^£:/S0CYA/^A>7/C CV/4V€^<r72-/e'C5*7VC\5' OY' C7 • Sk/£f^ 

lY/A/a ^o./ ° £/0 £TkS^/^, jeo >i c//o^a,'s5,2. 

/^jua/o ^/uiz/90Af O/v A?/G/^r yY/A/o 

/p^/=r^jrcT£T^ :t/^- 


Fig. 53 NACA RM No. A6K15 





c/Tj or 

Co) C^ , oc , G;„ ys C|. 

/v^(y^^ S' ^.^/p£“^^7^yA//9/^yc CATTpy^/^c-r^rj^y^^/cs" oa=^ o ® 


NACA RM No. A6K15 Fig. 54a 



CO£‘^r^/a/£'A/Ty C/7 


Cb) ^/* ^7% t Oy vs Oj, 

>v<9 <x^4^ - Co/^cd. od^s‘r>. 


Fig. 54b NACA RM No. A6K15 



/9a/gjl^ /?7’7'/?c/r, oc 

Co) Co. vs C,. 

/^GO^S" S’ CAt^/9JP^CT^/^^^r‘/<l^ 0/«“ 7W^ 

w//^^ /^'T' ’-s:x* -^ox cyya/9£> 

ejz.^.^ >s^yst^/y s^^y^/r- y?js-y^i.y^crjr£> gck* 


NACA RM No. A6K15 Fig. 55a 



/7cc//es‘ 


Fig. 55b NACA RM No. A6K15 



o“>^^/ 07 - u^yy^<s - ^o. y • <Tyy?<^J~^ y^ 

f^y^yi//v vy//y<^^ 


NACA RM No. A6K15 Fig. 56a 



Fig. 56b NACA RM No. A6K15 



or OL 

Co) , oc, vs C^ 

/vacy^r ^/. — /^rro^yyy/Qy^/c O/v^^e^ c rr^/^r/ c ^ or 7-yyjr o'° 

^u^rrr U/>&vd apt- - Aa.^ • yS'yzxr^^yy^ J^oyb cro^O 
*/i sru^^ >srjur rL^r^ om^OTTC^ so * 


l^ACA RM No. A6K15 Fig. 57a 





Fig. 57 b NACA RM No. A6K15 



xpv-7'^CA', CC 

Co) C„, CC, C^ vs Ct 

y^'So^£- SB — /9 ^^^/a/^/^/c <2y^/9>e^-rjr/f^s7-yc-s oy 7-yy^ o‘ 

A^y/^o y9T^ - yo, y ® ^yo^^yyA=> jzo % CA^ofifO 

^OLL S/=*y^A/ Sfi>CJT ^JLyA/=>S 71££> €0** 


NACA RM No. A6K15 Fig. 58a 





Fig. 58b NACA RM No. A6K15 



OAf^i/^ACTje’/^/ST^/C S O^ TVy^f" 
W//VG -/o./* S/OS‘3jL//=>^ J^OVo Cj^O^O.'SS.'L 

^/=>JL/r ^/^JE-/POA/>S £?£/^4L^CT£-jG Jf 


NACA RM No. A6K15 Fig. 59 


C/£TAZ CjL 



<2zzz?/pz9cr-^^z^r‘y<z9 

O* S^y^A^r iV/A/G S^ OSS d,/p^ Z^jL^/A/ A/iA/Q, 


Fig. 60a NACA RM No. A6K15 





^KQk RM No. A6K15 Fig. 60b , 



{o) Cp ^ OC ^ \/S Qt 

/^/OC//P£ €>/. - C'/^^jC^CT'^/e/J^r/CS’ <^/=" 

^^4T/=^r- >^//V<^ r- //=^ 5* CMO/^4^ 

s^.s V4 >s/^i^fT o£/^ju^c Tied? eor 


Fig. 61a NACA RM No. A6K15 



(b) Cf, C^, Cy vs C^ 
/wacy^^ 6 /,— CoA/cyay>^p, 


NACA RM No. A6K15 Fig. 61b 



Co) Co, OC, C„ vs Ct 

/vacy/^£‘ ^2,^ 

o* ^ y^ y^** >Tyz>yr>^^y^ 20 *A c^o^o 

rcyjLjL ^PAN ^fi>Jur /^y^Ps oj^^jlsct^o eo* 


Fig. 62a NACA RM No. A6K15 



NACA RM No. A6K15 Fig. 62b 



63.^Aj^^o£>yA/,^/yvc cj^^/9y\CT€/^/^r/cs Ofr T^s O'* syy^^/^T 

)V/A/6 -# ® -e^ ^ C^0/?0,^S-.2, 5^ s/=>^/v 

3>t>ji/T ryj^jr ^/j^^oa/3 £?^^/^crso t/^9 


Fig. 63 NACA RM No. A6K15 


jL/^r coir/cwc/iT/vr^ 



(or) C^, OC, vs 

/=v C5 U^JE" 6^. ^/^JET/^O/^ K/Vxq A^/C OVC^>e^ cTT'^W/ >5 T"/ C^ CP/r- ^cP * 

^Y/A/O -0,3* >S//?j£’SjL/^. /^5l^//V kV/A/C^. 


NACA RM No. A6K15 Fig. 64a 



(Jo) Cy, , Cy VS 




Fig. 64b NACA RM No. A6K15 


cr/£'/\'r. 



-A o A a /2 . JZO 

or y'OT'TVJCA', CL 
Cq^) ^Ot ^**y ^L 

/^/Gurr SS,^/^rrooyA<^Af/c c/^/^j^^crdr/^/GT^/oa or 30^ 

s^rrr 3 >^c^ )V/a/o >77" -o^s#* ^/orsjL/r, mo^ 
O^z^s ^ 3/=iA^ sr^/r rju^rs orrTLjrcr^i^ ao*! 


NACA RM No. A6K15 Fig. 65a 


CR 





O) 

CJl 

o' 


NACA RM No. A6K15 


jL//=- T <T/>rA/ 7^ 



0/=^ Oc 

Ca) OC, vs 

^/GuR£ 6S.^ /^£:RoorA^^M/c C//A>/e^cr£R/s r/cs So"* 

y^//VG ^T -0.3^ >S/C>£’S£//^> Ca/oro 

Rc/^jL SR^r RjLy<R3 £^R^jTcrjrj^ so.^ 


NACA RM No. A6K15 Fig. 66a 



/^CMrNT' oojrFF-/c/£^fsjr; 

Cb) C„ C„ , Cy vs 

f~/GU/^ir (S€.-Co/vcl.uo£‘o , 


Fig. 66b NACA RM No. A6K15 



67 :— C'/y'y^AP>^CTjr/9/s7-/C'^ ?’//£’ 30* 

w/A/G >»r - 0.3 • 3JOB3i^/^> j^o*y. c/^o/eo 

36.©^ >S/^/V G/^jL/r /ne^A^ 'ry/^£‘ /A\jcs/^Oa/ on a^/g/^t 

W/NG OJE^/^/.£-cr^O ± /^.* 


NACA RM No. A6K15 Fig. 67 





id) Co , oc, C„ vs Ct 

^/ouA^s S3,— ^e/^oovA^^Af^c ovA^A^y^cr/r^/sr/cs t/ajt so* 

syvjTA=>r^CA< AA/A/G >} 7 * -sr»s* S/o£‘Sju^. ^/a/g» 


Fig. 68a NACA RM No. A6K15 





NACA RM No. A6K15 Fig. 68b 





O/r ^ 0( 

C|>, oc , vs C|. 


^/G(J^^ ^S, ^ >^£‘A90d!^)AA/^M/C CAA/<^A^^CT£'^/ST/CS O^ SO* 

3)A/^f>TSACA^ W/A/G Air ^S.3* S^a£SUA>> J30M, C^O/ZO 
€S*3U, sj^AA 3/^ur /=:cAiA>s so,* 


Fig. 69a NACA RM No. A6K15 



Cb) C,. Cp, Cy vs Cl 


es. - Co/^cLuoe:i> . 


NACA RM No. A6K15 Fig. 69b 



cfi‘ A-rTACAi , CC 
(jy) oc, vs C,, 

70.- c/¥A/^'^cr^/ 3 r/c^ o^ t'a^jt so* 

S^^^A>TAACA^ y^/A/G A)T •-S.S'* S/C>^S^,/A*» /^JLA//^ WiNG, 


Fig. 70a NACA RM No. A6K15 



70 . — CorVCl,L/0£C. 


NACA RM No. A6K15 Fig. 70b 





Co) C^, OC, vs C^ 

7'' ” CMAJl^^Cr^A/ST/C^ r?/£’ 30* 

S^S‘/>TBACM /^✓/VC? /<)7“ ^9>S* 3/O^Sl,/^ CA^O^O 

^z.SM sj=><a/v SPi^mjt^jos o£‘^u^cr£"o so* 


Fig. 71a NACA RM No. A6K15 



0?£>cy7CVi£>v'r, 

(k>) Cj, Cri, Cy VS C,. 


Cc>^Ci.UO£D * 


NACA RM No. A6K15 Fig. 71b 


cojT/r^/c//rA/r, 



Co) Cj,, oc, vs Cj. 


^/€iu49£‘ — CAdXi/9ACT€'JC^/^r’dC>5 r/d/T 30^ 

^//\/0 SdO£^3i.ffiK -eo 5c c//o/?4? 

/^UJLC S/^dk 3JOi,/r A^ZA9dC\S ^^/^<L£C7^dSr^ CO.^ 


Fig. 72a • NACA RM No. A6K15 





NACA RM No. A6K15 Fig. 72b 



F'/ou/z^ /^c^ooYrst/=i^fc, CH^/efi^creL/t,fs'rtc% - 3 o * 

5JYE^RT3^<^<. i^f^O <0*r -6.5® S/O^S J^//^, S<» Ca/o^O 

S&.e. SP*^N ^Pl.lT TY/OJC Ai/i^€.er>/S/S DCr^^C’TClC^ -± is^* 


Fig. 73 NACA RM No. A6K15 





ojr ^rrAc/r t OL 

Co) Co, OC, C„ vs Co 


^/OC//Q4S^ Z^*^' ^ OMk/9^CrS‘AfSTiCS 75V^ >30* 

Sk^^3r/mrSAC^ y/'/A/G t>V//^Q. 


NACA RM No. A6K15 Fig. 74a 



Od^ f 


COA/cLC/oeo. 


Fig. 74b NACA RM No. A6K15 





yS. — c/y>^/e^cr^/9/S7’/cs 30 ^ 

S\^^£A>TB^CK hy/A/G ^r y-a./* S/0£SUf^ ^0% CJAORO 
3 >^0 3^ji/r rjLAA^s 0££jlsct£o eo • 


NACA RM No. A6K15 Fig. 75a 



COJrje-^/C/£^Nr^ C^ 


Cb) C/^ C„^Cy C£_ 
JS^ — CorycijC/l?^0, 


Fig. 75b NACA RM No. A6K15 


Z //="7' CO^/r^/ C/JET/V r; 



Co) Cp , OC. ^ V5 


^^Gu/^£’ 7^.— /^j^AOoy^^M/c ov>»>?>fC72r>?/^7vc>s 7>y-r 3C7* 

S¥y£/^TB^OA< ^/AyQ ^ S/O^SLJJ^. JSO U. CH0/9O 

jCluia- ^>CV9/V >SA>UT jOEy=JLJ^C7ieZ? SO* 


NACA RM No. A6K15 Fig. 76a 





(b) Cf, Cy VS 
Z^/GL//^^ CoA/Ci.U{^£^0. 


Fig. 76b NACA RM No. A6K15 



3^.e -rK^£r a£Lri.ccrci^±i^ 


NACA RM No. A6K15 Fig. 77 


jL/rr cosr/^/c/SA^r, 



^/V0L£‘ ^ rr^ c ^ , Oi 

Ca) Co, oc^ C/j, vs C|_ 


^/GC//PJS^ /S,^ /^J^^OjOyy^^Ai/C os 0 /«“ T^A/dT . 0 ^*^ 

S C/C' k^^/A/G >^7~ -O. /« S/OJESJL//R. ^JUq/A/ 


Fig. 78a NACA RM No. A6K15 





NACA RM No. A6K15 Fig. 78b 



^7-r^C*< , oc 

Co) vs C^ 


/^<^6//Q£’ — /^^/^0£>r'/V^M/C C^/y^/^CrJS-^/ST/CS O/^ TTViff* 

S^V^/^T£9^CX yy^//^Q •• 0» / * sS/jOJS’>SJL/A^. JZO >k CA/O^jO 

eJZ.sS 3< S/=»H,/T A!P^A=-^UEr<Z'rJBr£> eo* 


Fig. 79a NACA RM No. A6K15 



(b) C,, Or,, Cy vs 


/^/G4//?4£* 7’^-— CoA/cuu^?^o . 


NACA RM No. A6K15 Fig. 79b 


Ji/^r CO£T^^/ 7 " 



(&) i ^ ^L. 

/^/aC/yteJT GO,^ y^JE‘J^O^)<A/>9AfyC C/*^^/e^Cr£r/e/S7-/CS o^ 7^/^JS^ 

S}V£/:>TBy^C/<‘ ^TT - 20^4 C/i^/^B 

^U^l. S/^^A/ SAV^T 4>JE‘A'LJS^CTSJ> GO* 


Fig. 80a NACA RM No. A6K15 



/O &0. — C O/V . 


NACA RM No. A6K15 Fig. 80b 



ex' WV///C5 -O. JZO^y'm C^OAO 

3^ A Vi, S/=>y^/V S/=>JL/r /^Z>AyO Ty/^S y^/i^/T^OA/S £?JS‘y‘^jrcr^£> t/^ 


Fig. 81 NACA RM No. A6K15 



to) ^ VS C,_ 


^/G,U/9S 32,- 0/At/^ACrjr^/3 7^/CS O^r 7%ViT 

^yAjsr/>rm0Acr/^ wwa^ - ^. -e • >s/oe^s/./^, /^c.a/a/ ^//^o. 
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> 




o 


> 

05 

w 


CJl 


Oq 

• 

00 

DO 



Cb) C,, C„,Cy VS 




Fig. 82b NACA RM No. A6K15 


jL/^r 



Co) Cb , oc, C,„ vs 

SS,’- C//y^/^^CTjS^/Sr/CS Oj^ 7-/^ JS- 

///A/Q yS/£>js'>si^/^, c/-/o/po 

>f> *5>«?-9/V y^JL/^/^3 


NACA RM No. A6K15 Fig. 83a 





Fig. 83b NACA RM No. A6K15 





y^JET/^OOyA/^M/G C/ifAi/ZACTJS^^/^7-/CsS 
SkVjS-A^TBA^CA^ y^/A/G AiT S, Q * 
/^-o^/zV yy//vG> 


NACA RM No. A6K15 Fig. 84a 





Fig, 84b . NACA RM No. A6K15 


cojT^/=^/c/s:A^'r, 



Ca) Cj, oc, C*. vs C^^ 

SS.^^dTAa^yA/^M/c c/^^^^cr‘J^49/sr/c>s o^ 

S^JP^rBAC^ >V///0 A'T ^S,G* ^/^JTGJL/A. JdO QJ/OJ?a 
GB.sy* ^jLAA>s ^^/^iurcr£-^ eo.* 


NACA RM No. A6K15 Fig. 85a 



&S.-’ COjVC^O^O. 


Fig. 85b NACA RM No. A6K15 





ov^x?^^rvCT?/^r/c^5 oat t ?/ js ’ 
Syv^/^T^^CM AA/A/G A^T SZO%^^ CA/O/9^ 

/=~UIU- S/^A^Af A^JU^S ^JETAIUE’C SO^. 


NACA RM No. A6K15 Fig. 86a 





Fig. 86b NACA RM No. A6K15 



>97' -S.S* -80 Oy<P/9^ 

3 - 4 -./ ^ T-y'jC^ ^/J^^OA/S 

4xgr/rjurcT^£> J^/J^:• 


NACA RM No. A6K15 Fig. 87 


jL//^r cro^/=y^/c/£r^Ti 



/4/vc?^^ ^rrAC^^ oc 
(O) C^ vs C^ 


&S.“ o/^^'^cryc^/^rycs o^ 7~^£r « 

yy^A^a /^T •^<4*/^ S/^JTS^yJO, 

yy/A/c. 


Fig. 88a NACA RM No. A6K15 



^iGU/9^ Q3.-^ 


NACA RM No. A6K15 Fig- 88b 


JL/^ r COj£^/='/r/ C/^'/V 7; 



Co) I Co , o<, Co, vs C^ 


w/A/a >^ -<*;/ ® ^o V 6 cza^o^o 

SJ2.3^ ^£y=-JLJE^ 07'^/? SOT 


Fig. 89a NACA RM No. A6K15 




ft.) C,, Cy VS 


©S. — COA/ci^uoJTo 


NACA RM No. A6K15 Fig. 89b 


JL/^T 



(o') Cf, ^ vs Cl 


y^/GC/A?£‘ 30 .— ^/TJ90^y^/^^Ai^C O^^JS^XiCr:£‘/9/S7'/ CS TY^JS' -4^* 

Sy^JE’/=>7^^^cx’ yyy/y'Ci ^T -^^. /• >3yOJS’>5/^^, 

^OU, C^O^O ^C/J^ ^^/skL/cCT^£^ €0* 


Fig. 90a NACA RM No. A6K15 



©o. — Co/^ci.cjO£^^. 


NACA RM No. A6K15 



NACA RM No. A6K15 



^2.rVAM^//y ^~/y7^£A'T OA t'a'^ 

A/\/<£ ^Ar£./^r ra £as/c 

rd! J~£JA:^A'P/}^y' A^ATyiJ 


NACA RM No. A6K15 ^iS* 



